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SUMMARY

Severaltipcontrolshavebeeninvestigatedona 600deltawingto
supplementinformationpreviouslyobtainedwithtipcontrols~onthesame
Wingplanform. Effectsof changesincontrolleading-edgesweepand
trailing-edgesweepon controlhinge—momentandeffectivenesscharac-
teristicsweredeterminedforbothfence-offandfence-onconditions.
Effectsof skewingthe600half-deltatip-control—wingcomb-+tionwere
alsodetermined.!Iheaerodynamiccharacteristicsof thecompletewing-
bodycombination;aswellas thecontrolhingemcmentsandbending
moments,wereob~ed for~ =@-e-of-attackr-e of+32°andforcon-
troldeflectionsw b 20°at~chn~ers of1.41,I-.62,and1.96,ma
Reynoldsnuuibersof2.4x 106,2.25x 106,and2.OX 106,respectively.

:
Theresultsindicatethatthenonlinearhinge-moment’variations

withdeflectionwhichappeartobe associatedwiththeangulargap
betweenthewingandcontrolforwardof thehingelinewerenotimproved
by changesin controlleading-edgesweepbackfrom600to75°,by changes
incontroltrailing-edgesweepfrmn-37.5°to 15°,orby ~10°skewof
thecontrolpartinglineandhingeline.

Thebalancecharacteristicsat 0°controldeflectionand0°angle
ofattackforthehalf-deltatipcontrolshavingthesamehinge-line
locationswereessentiallyunchsmgedbyvariationof controlleading-
edgesweepanglesfrom45°to no.

Thecontroleffectivenessperunitareawaslittleaffectedly
increasingthecontroltrailing-edgesweepto15°,butwasconsiderably
decreasedatanglesof attackabovezeroby increasingtheleading-edge
sweepfrom600to75°.

Theonlyappreciable
increasesinhtigemoment
deflectionswhenthewing

effectsofwingskewwerelargenegative
athighanglesofattackandpositivecontrol
panelwasskewedback100.
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INTRODUCTION

.

NACARM L53J08s

Thehalf-deltatipcontrolhasbeenshowninwind-tunnelandfree-
flightteststobe a goodlateral-controldeviceattransonicandsuper-
sonicspeed(refs.1 to3), andwiththeproperhinge-linelocationto
haverelativelylowhingemomentsovera lhitedMch numberrange.For
closelybalancedtipcontrols,however,nonlinemvariationsofhinge
momentoccurwithbothaagleofattackanddeflection.Theinvesti-
gationofreference4 hasshownthattheeffectsof controlplanform
ontipcontrolbalancecharacteristicsweresecondaryto theratioof
controlbalancesreato totalarea. Thechangesincontrolplanform
inthetestsofreference4,however,didnotalterthe600deltawing
planformexceptinonecase. Itis,therefore,of interesttodeter-
minetheeffectof changesin controlleading-edgeandtrailing-edge
sweepanglesonthenonlinearhinge-momentvariationsandthecontrol
balancecharacteristicsaswellas onthecontroleffectivenesschar-
acteristics.Jnorderto furnishsuchinformation,45°half-delta,
600triangular,and75°half-deltatipcontrolsmountedona 600delta
wing havebeentestedwithandwithoutfencesatthecontrol-wingJunc-
tureintheLangley9- by 12-inchsupersonicblowdowntunnelatMach
numbersof 1.41,1.62,andI_.96,andReynoldsnumbersof2.4x 106,
2.25x 106,and2.OX 106,respectively.

Thea&wdynamiccharacteristicsof thecompletesemispanmodel,as
wellasthecontrolhingemomentsandbendingmoments,wereobtained
throughan angle-of-attackrangeoft12°forcontroldeflectionsup to
20°. Analysisof thedataobtainedforthe45°half-deltacontrolwas
notmadebecauselargecontroltorsionalvibrationoccurredforsome
conditions.Mta forthe600hah?-deltacontrolconfigurationofref-
erence1 arepresentedforpurposesof comparison.

Alsotestsweremsdeona 600half-deltacontrolconfigurationwith
thecompletewingskewed~10°withrespectto thebodyaxisto obtain
somepreliminaryknowledgeoftheeffectsofwingskewon control
characteristics.

SYMBOLS

Liftliftcoefficient,—
qs

Cqgoss grossrolling-momentcoefficientaboutwindaxes,
Semispanwingrollingmcment

2qsb
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controlbending-momentcoefficient
Bendingmomentsurface,

@fbf

aboutrootchordof control

controlhinge-momentcoefficientabouthingeline,
HinQemoment

qsfq

incrementingrossrolling-momentcoefficient,andliftcoef-
ficientdueto deflectionof controlsurface

free-streamdynamicpressure

areaofbasicsemispanwing
(includingareablanketed

control-surfacearea

localwingchord

with600half-deltacontrol
by fuselage)

meanaerodynamicchordofcontrol

distancefromhingelineto controlleadingedgemeasured
along +

wingspan(twicedistancefromrolling-momentreferenceaxis
towingtipwith600half-deltacontrol)

controlsurface

angleofattack

control-surface
plane

Reynoldsnumber

Machnuniber

span(distancefrompartinglineto tip)

measuredwithrespecttofree-streamdirection

deflectionmeasuredwithrespecttowing-chord

basedonmeanaerodynamicchordofwing

Subscripts:

a slopeofcurveof coefficientplottedagainsta; forexample,
dch

c%==

slopeof curveof coefficientplottedagainst5; forexample,
d%

Ch=w
5

—— ..——
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DESCRIPTIONOFMODEL

NACARM L53J08a

Theprincipaldimensionsofthesemispandeltawingmodelandthe
tipcontrolstestedareshowninfigure1. A photographof themodel
withthe600half-deltacontrolis showninfigure2. Themodelhada
leading-edgesweepof600anda correspondingaspectratioof 2.3.

Themainwingpanelwasmadeof solidsteelandhadmodifiedhex-
agonalairfoilsectionsof constantthickness.Thethicknessratio
variedfrom2.4percentatthewingrootto9.2percentatthewing
controlpartingline. Thewedgeanglesoftheleadingandtrailing
edges,measuredpara~eltotheairstream,were6.78°and13.80°,
respectively.Theleading-edgewedgewasmodifiedby a smallnose
radius.

The45°halfdelta,thetwo600triangular,andthe75°half-delta
tipcontrolsshowninfigurel(b)weretestedduringthepresentinves-
tigation.The600half-deltatipcontrolshowninfigurel(a)wastested
duringthepresentinvestigationandalsoduringtheinvestigation
reportedinreference1. Thecontrols,whichrotatedaboutanaxisin
thewingperpendicularto therootchord,madeup theouterportionof
thewingandweresepsratedfromtheinnerwingpanelby a streamwise
partingline. ‘Thecontrolsurfaceshad3.O-percent-thickdouble-wedge
airfoilsectionsandtheleadingedgesweremodifiedby a smallnose
radius.Theywereconstructedofeithersolidsteelorberyllium-cupper.
Forpartoftheinvestigationa fencewasmountedonthewingpanelat
thewingcontrolpartingline. Thefence,dimensionsofwhicharegiven
infigure1,wasof sufficientsizeto sealtheangulargapbetweenthe
controlsurfaceandthewingpanelatthehighestdeflectionangles.

Detailsofthehalffuselage(abodyofrevolutionwitha 0.25-inch
shim),whichwasusedinallofthetests,arealsoshowninfigure1.

‘ThetestswereconductedintheLangley9-by 12-inchsupersonic
blowdowntunnel,whichisa nonreturn.tunnelutilizingthecompressed
airfromtheIangley19-footpressuretunnel.Theinletairentersat
an absolutepressureofabout

+
atmospheresandcontainsabout0.3per-

centofwaterbyweight.‘I!hecompressedairisconditionedto insure
condensation-freeflowinthetestsectionbybeingpassedthrougha
silicageldryerandthenthroughbanksoffinnedelectricalheaters.
Criteriaforcondensation-freeflowwereobtainedfromreference5.
Turbulencedampingscreensarelocatedinthesettlingchaniber.titer-
changeablenozzleblocksprovidethreetest-sectionl@chnumbers.
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Propertiesofthe
flowconditionsinthe

5

conditioned”airanddeviationsfromtheaverage
testsectionwiththetunnelclear,asdetermined

fromextensivecalibrationtestsandreportedinreference6,srepre-
sentedinthefollowingtable:

~ominalMachnumber
Variable

1.41 L 62 L 96

MaximumdeviationinMachnuniber. . . . . +0.02 &o.01 *O.02
Mmdmumdeviationinratioof staticto
stagnationpressure,percent. . . . . . *2.o +1.3 *2.2

Maximumdeviationinstreamangle,deg. . *o.25 *O.20 *O.20
Msximumdewyointtemperature,OF . . . . . 20 -20
Minhumstagnationtemperature,OF . . . . 120 G; 165

TESTTECHNIQUE

Semispanmcdelsarecantileveredfroma five-componentstrain-gage
balancemountedflushwiththetunnelfloor.Themcdelrotateswiththe
balanceastheangleofattackischangedandtheaerodynamicforcesand
momentsonthewing-fuselagecombinationaremeasuredwithrespectto the
bodysxisandthenrotatedtothewindaxisto determinethecoefficients
presented.Fortheskewedwingtests,the600deltawingwasskewed+10°
fromitsoriginalattitudewithrespectto thehalfbody. Theaero-
dynamicforcesandmomentsweremeasuredwithrespectto thesamebcdy
sxis,butincomputingthedata,thereferenceaxeswererotated10°to
simulatetheskewedpositions.Angle-of-attackloadingandbodyeffects
wouldnotcorrectlysimulatethoseofa wingina yawedattitude,but
foran outboardcontrolat supersonicspeeds,loadingdueto control5
shouldbe approximatelythesameas ifthecompletemodelwereyawed.
h ordertominimizethetunnel-wallboundary-layereffectsontheflow
overthecylindricalfuselage,modelsareshinmedoutfromthetunnel
floor0.25inch(ref.7). Bec&seofbalancedeflectionunderload,a
clearancegapof0.010to 0.020inchismaintainedbetweenthefuselage
shimandthetunnelfloor.

Thehingemomentsandbendingmomentsonthetipcontrolsweremeas-
uredby meansofanopticalsystemwhichwasdevelopedforusewithwings
toothintopermitconventionalstrain-gageinstallation.

Theopticalsystemconsistsprimarilyoftwohighintensi~light
sourcesmountedupona largecircularplexiglassscreenwitha radiusof
80 inches,andtwomirrorsadjacentto eachother(0.~0inchindiam-
eter)installedflushinthemodelcontrolsurfacesandwingpanel.

...-.--==.--==X-..—..-

0
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ReflectionofthetwoMght imagesuponthescreenshowtherelative
displacementofthetiplightimagewithrespecttothewinglightimage
fromwhichthehingemomentsandbendingmomentsmaybe determined.For—
a completedescriptionoftheopticalsystem,

ACCURACYOFDATA

seereference1.

An esthateoftheprobableerrorsinthepresentdatacausedby
thefluctuationsinthereadingsofthemeasuringequipment,instrument
readingerrors,andcalibrationerrorsarepresentedinthe-following
table:

Controlplanform
Variable

600halfdelta 600triangd_sr no half’delta

Error Error Error
a *o.050 *O.@ *o.C@
5 20.2° &o.20 *o.20
Cz *o.0015 *O.m15 *o.0015
CL *o.010 *o.010 M. 010

% *O.010 *o.on *O.006

%
*O.020 *o.022 *O.018

Becauseoftheinaccuraciesinthemeasurementsby theoptical
system,thepresentcontrolhinge-momentandbendtig-m~ment&ta donot
warrantexactquantitativeevaluationoftheresults.Theseinaccu-
raciesareattributedto errorsinmanualcontrolcalibrations,dis-
shilardistortionof controtiunderactualaerodynamicloadsandunder
calibratedloads,anderrorsarisingfromcertainreldsionsinthe
opticsofthemeasuringsystem.A discussionofthelattererroris
giveninreference1. Howeveronthebasisoftherepeateddata,it
appearsthattheestimatesoftheprobableerrorsin

Cw
and Ch

givenintheprecedingtablearereasonable.

RESULTSANDDISCIJSSION

Figure3 presentsthebasicaerodynamiccoefficientsat a Machnum-
berof 1.96plottedagainstangleofattackforthewing-fuselagecombi-

nationwiththecontrolhaving15°trailing-edgesweepback
(?= 0“413)”
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!l?hiscontrolwillhereafterbe referredtoasa 600triangularcontrol.
Thesedataarerepresentativeofthedatafortheotherlkchnumbers
andtipcontrolswhichhavebeenpresentedonlyintheformof cross
plotsinfigures4 to 15.

Itwil.lbenotedinfigure3 thatdatawereobtainedforpositive
controldeflectionsatbothnegativeandpositiveanglesof attack.
Suchdatawereusedto obtaindatafornegativecontroldeflectionsat
positiveanglesofattackby reversingthesignsoftheanglesandcoef-
ficients.Thismethodofhandlingthedatawaspossiblebecausethe
mciielhadsymmetricalairfoilsections.

with
ence

EffectsofPlanFormWithFenceOff

Hingemoments.-Thevariationsof thehinge-momentcoefficients
controldeflectionsforthebasic600half-deltacontrolofrefer-
1, the600trismgularcontrol,andthe75°half-deltacontrolare

presentedinfigure4 forangks of attackof 0°to12°. At zeroangle
ofattackthevariationofhinge-momentcoefficientswithdeflection
tendedtobe fairlylinearforthethreecontrolplanforms.Hinge-
momentcoefficientsdueto deflectionat zeroangleofattackwere
slightlyunderbalancedfor)the600and75°half-deltacontrolswith
%—= 0.455,buttheamountofunderbalanceforthe600triangularcontrol
%

Xh
with — = 0.413wasconsiderablygreater.

Ef

As theanglesofattackwereincreased,thevariationofhinge-.‘
momentcoefficientswithcontroldeflectionbecameincreasinglynon-
linearforallthreecontrols.Thenonlinearitiesweresuchthatthe
valuesof Ch whichwerezeroornegativeatpositivedeflections

8
becamepositiveforthe600smdthe75°ha~-deltacontrolsasthecon-
troldeflectiondecreasedthroughzero.Valuesof C% fortheless

closelybalanced600triangularcontrolgenerallyincreasedpositively
asthecontroldeflectiondecreasedthroughzerobut%ecamepositive
onlyat 8°angleof attackfor M = 1.41 and12°angleofattackfor
M= L 62. Datafromtestsofa similarwing-controlconfigurationat
M = 1.61 (ref.4) showedsWk h@wmoment nonl~e=iti= existed
whenthecontroltrailingedgewassweptforwardfromO0 to -37.5°.

Itisthusshownthatthepositiveincreasesin ~ whichoccurred
forthebasic600half-deltacontrolatmoderateanglesofattackasthe
controldeflectionwasdecreasednearzerowerenoteliminatedby
increasingthecontrolleading-edgesweepto 75°,by increasingthe

..cz:cz~

—.—— . .— . —— —-. --—
. .,
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controltrailing-edgesweepto 15°,orby decreasingthecontroltraillng-
edgesweepto -37.5°.Reference1 showedthatthesenonlinearitieswere
apparentlytypicalofcontrolshavingtipbalanceareasextendingfrom
thehingelinetothewingleadingedge. Consequently,itappearsthat
thesenonlinearitiesareassociatedwiththeangulargapbetweenthewing
andcontrolasthecontrolunports.

Statichinge-mmentandeffectivenessdataarenotpresentedfor
the45°half-deltacontrolbecauseoflargetorsionalcontrolvibration
whichoccurredat anglesofattackwhentheangleofattackwasapproxi-
matelyequaltothecontroldeflectionbutofoppositesign.Figure5
wasprepsredto illustratetheanglesofattackanddeflectionsforwhich
thevibrationsoccurred.b orderto givesomeindicationofthemagni-
tudeofthevibrations,threedegreesof intensitywereused,therough
indexbeingtheplusandminuschangein indicatedhingemomentfroma
neutralvalue.AstheMachmnnberincreased,thevibrationsbecame
lesssevereandwithintherangeof conditionsforwhichthevibration
occurred,theintensityofthevibrationsincreasedastheangleof
attackdecreasedandasthedeflectionincreased.

Valuesoftheslopeparameters ~ ~d Ch, fortheh5°hald’-
deltacontrol,beingunaffectedby vibrationat smallanglesofattack
or smalldeflections,arepresentedintableI togetherwiththosefor
the600and75°half-deltacontrol.At allMachnumbersonlysmalldif-
ferencesin C~ and C% wereevidencedforthesecontrols,whichhad

identicalhinge-linelocations
($= ‘0455)y‘thO@ theContro’

leading-edgesweepanglevariedfrom45°tono. Reasonableagreement
withtheexpertientalcorrelationofreference4 (basedontheratioof
balanceareatototalareaforseveraltipcontrols)wasalsoshownat
M= 1.62 (seetableI).

Controlbendingmoments.-Bending-momentcoefficientsforthe
600triangular,andthe60°and75°half-deltacontrolsarepres~nted
infigure6 crossplottedagainstdeflection.Ihgeneral,systematic
variationsof C~ withangleofattackanddeflectionwerenotedfor
thethreecontrols:Forthe600and75°hali?-deltacontrols,the
cBl@ curvesweremorelinearthanthoseforthe600trian~ar control.
Themagnitudesof cB~ forthe600triangularandthe600half-delta
controlswereaboutequal,andthemagnitudesforthe75°half-delta
controlwereaboutonethirdsmallerthanfortheothertwocontrols.

Rollingmoment.-Forzeroangleofattack,
cientsincreasedwithincreasingdeflectionfor
(fig.7).,Therateof increasewithdeflection

rolling-momentcoeffi-
thethreeplanforms
C25 didnotvary
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appreciablywith
forzeroangleof

9

8 forthe600triangularand600half-deltacontrols
attack,butdecreasedconsiderablywithincreasing

deflectionfortheno half’-deltacontrolat M = 1.41. Increasingthe
angleof attackor increasingthedeflectionat anglesof attackabove
zerotendedtodecreasetheparameter%6 forpositivedeflection.

Forthe600triangularandthe~“ haE-deltacontrolsat M = 1.41,
thedecreasein Cla becsmeprogressivelymorepronounceduntila value

ofdeflectionwasreached(at a = 12°)beyondwhichfurtherincreases
indeflectioncauseddecreasesb rollhgmoment.Forthe600half-
deltacontrol,similarresultswereshowninreference1 forhigher
anglesofattack.Inthenegativedeflectionrangethechangesin %6
withangleof attackwereconsiderablylesspronouncedthanatpositive
deflections,andweresomewhaterratic.W general,therolleffective-
ness Clb of the600half-deltacontrolandthe600triangularcontrol

wereapproximatelyequal,althoughthesreaof the600half-deltacon-
trolwassligldilysmaller.Therolleffectivenessforthe-~ocontrol
wasconsiderablylessthanfortheothertwocontrols,whichwastobe
expectedbecauseof itssma~erarea. Rollingmomentperunitareawas,
however,morenearlyequalforallthreecontrolsat zeroangleof
attack- the600half-deltacontrolhsxdngthehighesteffectiveness
andtheE“ half-deltathelowest.As theangleofattackwasincreased
though,thelossineffectivenessperunitareaforthe75°half-delta
controlwasconsiderablygreaterthanfortheothertwocontroh.

lhcrementallifteffectiveness.-Thetrendsofthe ML variations
withangleofattackanddeflection(fig.8)weresimilarto thoseshown
by therolling-momentdata. Thatis, AC% atpositivedeflections

decreases.withincreasesinangleofattackanddeflection,andeffects
atnegativedeflectionsweremuchlesspronounced.

Alsovaluesof ACL weremuchlessforthe75°half-deltacontrol
thanfortheothertwocontrols,andwereingeneral,aboutequalfor
the600half-deltaandthe600triangularcontrols.

lHfectsofPlainFormWithFenceOn

Dataobtatiedwitha fenceinstalledatthewingcontrolparting
linearepresentedinfigures9 to 12togetherwiththefence-offdata.
Itshouldbe notedthatthe600trismgulsrcontrolusedforthefence-on
testswasslightlysmallerandhada morerearwardhinge-linelocation
(seefig.l)thanthe6@trisngularcontrolusedforfence-offtests.
Forthisreason,thefence-onandfence-off
be compareddirectlyonlyinsofmas trends

dataforthese
areconcerned.

controlscan

..——.—— —— — —— . .. . .
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b general,thedatashowedthatadditionofthefencescausedno
majorchangeintheeffectsofplanform.

Thehinge-momentdataoffigure9 supporttheconclusionsofrefer-
ences1,8,and9 inthatadditionof thefenceat thecontrolparting
linereducedthenonlinearvariationsofhingemomentwithbothangleof
attackanddeflection.Itappearslikelythatthenonlinearitiesinthe
hinge-momentvariationwithdeflectionwhichoccuratmoderateto large
anglesof attacknearzerodeflectionwouldhavebeenreducedby useof
a partial-chordfenceextendingonlyfromthewingleadingedgeto the
controlhingelIhe.Dataofreferences8 and9 showthatsimilarnon-
linearhinge-momentvariationswithdeflectionweresuccessfullyelimi-
natedordelayedtohigheranglesofattackandmorenegativedeflec-
tionsby useof thepartialchordfenceona horn-balancedflap-type
control”anda 600half-deltacontrol.‘I!hesedataindicatethatthese
nonlinearitiesareassociatedprincipallywiththegapbetweenwingand
tipbalanceareaforward
formofthecontrol.

Theadditionof the
withdeflectionof ~MY
and12,respectively.

of thehing~linerather& withthep~

fencehadonlyminoreffectsonthevariation
c1 and ML “asshownby figures10,11,

EffectsofSkewingWing

Hingemoments.-Dataoffigure13 showthat,at lowanglesof
attack,theshapeof thecurves.for Ch againstb waschangedcon-
siderablybyflOOwingskew,butthatthemagnitudeswerenotaffected
toanygreatetient.Athigheranglesofattack,however,skewingthe
wingforwardat M = 1.41 causedincreasesin Ch atnegativedeflec-
tions,andskewingthewingbackwardat M = 1.96 causedlargenegative
~creasesh Ch atpositivedeflections.Sincethenonlinearchar-
acteristicsoftipcontrolsarenotimprovedby changingeithercontrol
leading-edgeortrailing-edgesweeporby skewingthewing-controlcombi-
nation,itmaybe reasonedthatno improvementwouldresultifwingplan
formwereleftunskewedwhilehingelineandpartinglinewereskewed.

Bendingmoments.- Ingeneral,thedataoffigure14 showthatthe
slopeof thecurvesfor c~ againstdeflectionincreasesas thewing

isskewedforwardanddecreaseas thewingisskewedback. Thedata
alsoshowthatthemagnitudesof cB~ duetoangleofattackat zero
deflectionincreaseas thewingisskewedforwardanddecreaseas the
wingisskewedback. Theresultisthetmaximumbending-momentcoeffi-
cientsareobtainedatpositive.anglesofattackanddeflectionsforthe
wingina skewedforwardattitude.
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.-Therolling-momentcharacteristicsforzeroangle
ofattackfig.15 indicatesmallincreasesineffectivenesswiththe
wing8kewedforward.At thehigheranglesofattack,theeffectof
skewingthewingforwardwasto causea greaterincreaseineffective-
nessatnegativedeflectionsanda decreaseineffectivenessatpositive
deflections.Skewingthewingbackcausedsmalldecreasesineffective-
nessforallanglesof attackat M = 1.96.

~ consideringtheover-allrolleffectivenessfora completewing
configurationwithequalup anddowndeflectionof oppositeailerons,
thedataat M = 1.96 indicatethatthetotalrolleffectivenesswould
be littleaffectedby flOOskewforzeroangleof attack.However,at
higheranglesof attack,therolleffectivenesswouldbe decreasedif
thedownaileronwasontheleadingwingpanelandwouldbe increased
ifthedownaileronwasonthetrailingwingpanel.

CONCLUDINGREMARKS

h investigationoftipcontrolsona 600deltawingconductedin
the9-by 12-inchsupersonicblowdowntunnelatMachnumbersof 1.41,
1.62,and1.96andsupplementedby datafrompreviousinvestigations
indicatedthefollowingresults:

1.Thenonlinearhinge-momentvariationswithdeflectionscharac-
terizedby a positiveincreaseintheslopeparsmeter

%
atmoderate

anglesofattackasthedeflectionisdecreasedthroughzerosrenot
improvedwhen:

(a)thecontrol

(b)thecontrol

(c)thecontrol

(d)thecontrol
10°backwardsor 10°

leadingedgeissweptbackno

trailingedgeissweptback15°

trailingedgeissweptforward37.5°

partinglineandhingelineisskewed
forward.

either

Thesenonlinearvariationsareapparentlyassociatedprincipallywith
thegapbetweenthewingandcontrolforwardof thehingelinesince
sealingthegapby a fencegenerallyeliminatesthenonlinearities.

2.Thecontroleffectivenessperunit&ea waslittleaffectedby
increasingthecontrol
decreasedat anglesof
sweepfrom600to no.

trailing-edgesweepto 15°,butwasconsiderably
attackabovezeroby increasingtheleading-edge.

~

_.—..——-—- .— — —
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3. Valuesoftheslopeparameters
c%

and Ch
5

attackandzerocontroldeflectionforthehalf-delta
hinge-linelocationsat45.5percentmeanaerodynamic

NACARM L53J08a

at zeroangleof

tipcontrolshaving
chordof control—

were
from

trol

essentiallyunchangedby variationsof controlleading-edgesweep
450tono.

4. Iargetorsionalvibrationoccurredforthe45°half-deltacon-
whenthecontroldeflectionwasapproximatelyeqwl to theangleof

attackbutof oppositesign.

5.Theskewedwingtestsofa 60°half-deltacontrolindicatedthat
theonlymajoreffectof*10°wingskewwerelargenegativeincreasesin
hinge-momentcoefficientsatpositivecontrol,deflectionsandhighangles
of attackfortheskewedbackcondition.

LangleyAeronauticalLaboratory,
NationalAdvisoryCommitteeforAeronautics,

LangleyField,Va.,September24,1953.

—
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TABLEI

OFTHESLOPEPARMETERS& AND C% AT ZEROANGLE

ATTACKANDDEFLECTIONFORHALF-DELTATIPCONTROLS

HAVINGHINGE-LINELOCATIONSAT Xh
— = 0.455
%

Controlleading- M = 1.41 M= 1.62 M= 1.96
edgesweep,

(deg)
m

45 0.0015 -0.0015

60 I .00250-Ooo11

75 I .00120 -. oo~

c~
a

o.CX)170

.00310

.00U5

.0030

o

-0.0010

0

.0008

c%
0.00170

.00320

.m450

-------

I
c~
5

-.---- --

-0.0011

-.00075

------ _-

.
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All.dimensions are in Inches.
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M = 1.41,1.62,and l.%, respectively.
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